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Summary
We descrihe the interrelationship of the urinary excretion of sodium. calcium. magnesium. and phosphorus in 22 hypocalcemic premature neonates whose mean gestational age was 31.7 wk. Strong relationships between sodium excretion and calcium excretion ( r = 0.85). sodium excretion and magnesium excretion (r = 0.76). sodium excretion and phosphorus excretion ( r = 0.61). and calcium excretion and magnesium excretion ( r = 0.94) were demonstrated. Sodium intake during the 84-hr study period ranged from 2.9 to 34.5 mEq/kg and calcium intake during the same period ranged from 0 to 152.3 mg of elemental calcium per kg. l'he intakes of the other cations were negligible. All variables but phosphorus excretion ( r = -0.55) were independent of calcium intake whereas sodium excretion ( r = 0.76). calcium excretion ( r = 0.72) magnesium excretion ( r = 0.62). and phosphorus excretion ( r = 0.53) were all correlated with sodium intake. Serum calcium concentration at the end of the study was unrelated to total calcium intake during the 84-hr study period. whereas it was negatively related to total sodium intake ( r = -0.71).
Speculation
We suggest that sodium intake and sodium excretion exert significant control over the excretion of calcium, magnesium, and phosphorus in sick, hypocalcemic, premature neonates. High sodium intake in this group of patients is associated with a lowered serum calcium concentration: thus, increased sodium intake and perhaps increased calcium excretion may play a role in the development or exacerbation of early onset neonatal hypocalcemia.
Studies of renal function in the premature neonate have demonstrated a very low glomerular filtration rate (3, 10, 13, 17) and inefficient tubular function exemplified by sodium wasting (7. 14, 17) . Renal sodium wasting by the premature neonate raises the possibility that other important cations may also be poorly conserved. Data from studies of human adults show that tubular handling of sodium. calcium. magnesium. and phosphorus are closely related to each other and that excessive excretion of one is accompanied by excessive excretion of all the others (9, 12, 15) . Similar data on the human neonate are not currently available.
The present study evaluates the interrelationships in the renal handling of sodium, calcium. magnesium, and phosphorus by the hypocalcemic premature neonate. In addition, the urinary excretion of these cations is examined in relation to the parenteral intake and estimated oral absorption of sodium and calcium. Finally the influence of the intake and excretion of sodium and calcium on serum calcium concentration is described. The possible importance of these interrelationships in the etiology of early onset neonatal hypocalcemia is discussed.
MATERIALS A N D M E T H O D S
The study population consisted of 22 male neonates admitted to the Neonatal Intensive Care Unit of the Magee-Womens Hospital between November 1976 and July 1978. These patients were R E S U L T S atients ranged in gestational age from 28 to 36 wk with tational age of 3 1.7 wk. Gestational age was calculated from the first day of the last normal menstrual period and was confirmed by physical examination using a modified Dubowitz technique (4). When an accurate menstrual history was not available, results of the physical examination alone were used to define gestational age. Birthweight ranged from I. I to 2.5 kg with a mean of 1.7 kg. Apgar scores at one min ranged from 3 to 8 (mean = 5.6) and at 5 min ranged from 4 to 9 (mean = 7. I). In addition to having hypocalcemia. the patients had a number of other serious medical problems. Nineteen (8670) had hyaline membrane disease. 13 (59%) had a mean arterial blood pressure of 5 3 0 torr during the first 12 hr of the study. eight (36%) had seizures, five (23%') had a pneumothorax. and five (23%) died. Seventeen patients had their urine checked for the presence of blood and protein. At the start of the study. 10 had hernaturia and 16 had proteinuria; at the end of the study, six had hematuria and 12 had proteinuria.
The relationship of sodium excretion to the excretion of calcium. magnesium. and phosphorus is presented in Figure I . The amounts excreted are totals over the 84-hr study period which includes extrapolated values for the 12 hr before the beginning of calcium the other variables studied. but fluid excretion was correlated with sodium xcretion ( r = 0.6921; P < 0.01). calcium excretion (r = 0.5717; < 0.01 ). and magnesium excretions (r = 0.4352; P < 0.05).
Becau. i of the relationship of sodium intake to the excretion of calcium nd the lack of relationship of any urinary cation to -calcium ntake, the relationship of calcium intake and sodium intake to final serum calcium concentration was evaluated. At the end of t 1 e study, 72 hr after parenteral calcium was first given.
4b serum caicium concentrations ranged from 5.3 to 10.9 mg/dl. ~t both total sodium intake and total calcium intake study period to the serum calcium concentration
-
study. There was no relationship between calcium prior 3.5 days and serum calcium concentration; a moderately strong negative relationship be--tween sodium intake and serum calcium concentration ( r = -0.7092; < 0.01). As summarized in Figure 5 . there were also significan negative relationships between the final serum calcium concentraion and the excretion of sodium ( r = -0.48 1 I; P < 0.05) and the excretion of calcium ( r = -0.5 175: P < 0.05). intake were calcium excretion (r = 0.7191; P < 0.01; Fig. 3 ).
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magnesium excretion ( r = 0.6187; P < 0.01). and phosphorus excretion ( r = 0.5252: P < 0.05). Calcium intake during the study I I period ranged from 0 to 152.3 mg of elemental calcium per kg
• with a mean intake of 5 1.5 mg/kg. Sodium and fluid intake and the excretion of sodium. calcium. magnesium, and water were all lo e* . .
-.
independent of calcium intake. Only phosphorus excretion was .
significantly correlated with calcium intake (r = -0.5536; P < n . 0.01). Although the estimates of oral intake (i.e., absorption) used by us are only rough approximations, they are in fact of no n * * practical consequence to the correlational relationships involving =
• intake because the amount of oral intake represented only a small 2 5 -• r.0.0347 -fraction of the total intake. We evaluated all these relationships using only parenteral intake, and the correlation coefficients a changed very little. and the statistical significance of the correlation coefficients did not change at all.
5
A negative relationship was found between birthweight and n sodium excretion ( r = -0.4759; P < 0.05) although none could be demonstrated between gestational age and sodium excretion. In I I addition. the mean tubular reabsorption of sodium, I-[(serum 0 -creatinine) (urine sodium)/(urine creatinine) (serum sodium)], was 0 5 0 100 150 0.95 1 and was weakly correlated with gestational age (r = 0.4293; CALCIUM INTAKE (mg/kg) P < 0.05) and birthweight (r = 0.5288; P < 0.01). Fluid intake during the study (84 hr) ranged from 231 to 442 the end of the study (ordinate) to calcium and sodium intakes. See the ml/kg (mean = 324 ml/kg) and was weakly correlated with fluid legend of F i g~r e I for details. 
DISCUSSION
This study demonstrates that the excretions of sodium, calcium. and magnesium are strongly interrelated in the hypocalcemic premature human neonate as they are in the adult human (15) . Earlier studies of renal function in the neonate suggested that the premature human neonatal kidney wastes sodium (7, 17) and that this tendency can be aggravated by increased fluid intake (14) . Our patients. who had more medical problems than these previously studied neonates, showed an even greater tendency to waste sodium. More than 70% (16 of 22; see Fig. 3 ) of our sick. hypocalcemic, premature patients excreted more sodium than they took in, and our entire study population had a mean tubular reabsorption of sodium of only 95%. The lack of correlation between fluid intake and sodiumexcretion does not support earlier findings. but it should not be expected to because the fluid intake in our patients was dictated by weight change, and the range over which it varied was not as broad as it would have been were we specifically studying the effect of fluid intake on sodium excretion.
From the results of this study, we suggest that cation excretion is probably controlled by a combination of sodium intake and the intrinsic renal sodium-wasting tendency of the premature neonate and that cation excretion is unrelated to calcium intake and fluid intake in the range experienced by these patients. The relative lack of influence of calcium intake on calcium or magnesium excretion is compatible with results in adults (8, 9). In addition. this finding may result from the fact that the premature neonate has a relatively high avidity for calcium, having just come from the intrauterine environment where he had to process and store an exceedingly large calcium intake (20) . By contrast, sodium urero is only about I mEq/kg/day ( 2 0 ) . and extrauterine idtake may easily exceed requirements. The expected increase iri excretion in response to increased intake occurs with sodium1 I importance of these results for the sick premature first wk of life lies in their potential relationship to ients, and their immature tubular function can result in neonate lo waste sodium. In addition, the results show the strong interre~ddionshi~ among the excretions of sodium, calcium. and and the weaker relationship of phosphorus excretion of these three cations. It also appears that sodium that can be seen in clinical practice can and sodium whereas calcium cation excretion. The results also suggest of sodium in sick, hypocalcemic prematuk neonates may aggravate early onset neonatal hypocalof this hypothesis will require further testing in a and calcium are studied in this high-risk patient populati~n.
I I
